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Description 

BACKGROUND OF THE INVENTION 
5 Raid Of The Invention 



„ J hi l?' en K i0n ^ lat f S t0 3 Pf0CeSS <W prepari " 9 P° | y ole,ins ' "<ore particularly to a process for preparing poly- 
olefins with a broad molecular-weight distribution and excellent stereoregularity al high yields. 

M Background Of The Invention 

A number of proposals have been made for the polymerization or copolymerization of olefins in the presence of a 
polymenzrng catalyst comprising a solid catalyst component primarily consisting of titanium halides. a magnesium 
compound and an electron donor compound, an organic aluminum compound; and a silicon compound having the 



wherein CeH,, is a cyclohexyl group and R is an alkyl group having 1 to 5 carbon atoms. 
Such olefin polymerization catalyst is, for example, disclosed in EP-A-0 360 497 

The foregoing catalysts exhibit a degree of activity sufficient to permit elimination the deashing which removes 
catalyst residues such as chlorine, titanium and the like remaining in a polymer produced, as well as to improve yields 
of a «ereoregular polymer and increase the activity of the catalyst during polymerization. While these catalysts have 
provided the foregomg benefits, the polyotefins obtained using these catalysts comprising the highly active catalyst 
component, organic aluminum compound and ailicon compound have a narrow motecular^eight distribution as corn- 
pan* w*h ' Pdy°tefins prepared by using the conventional olefin polymerizing catalyst which comprises the titanium 
tncnlonde based catalyst component, an organic aluminum compound and an electron donor compound which is added 
as required. The narrowed molecular-weight distribution causes the formability or moldability of the polyolefin to dete- 
riorate, resulting m some reetrictions on the polyolefin's applications. 

Various approaches have been tried to improve the molecular weight distribution including the multi-stage polym- 
enzation process which provides pofyolefins of increased molecular^eight distribution. However, the mufii-staqe j»- 
lymer.zat.on requires a complicated polymerization operation repeated* and requires a troublesome treatment for 
recovering the chelating agent used during the polymerization, which increases the cost of the polymerization process 
In view of the above, Japanese Patent Application Laid Open Publication No. 7703/1991 (3-7703) proposed a 
process for polymerizing olefins in the presence of an olefin polymerizing catalyst comprishg a eolid tttanium catalyst 
»mponent constating essentially of magnesium, titanium, halogen and an electron donor, an organic aluminum com- 
pound, and two types of organic silicon compounds serving as the electron donor. The Japanese patent states that 
the proposed polymerization process eliminates the need for the troublesome multi-stage polymerization process as 
described above and provides pofyolefins of a molecular-weight increased to an intended degree. However the pro- 
posed process likewise renders the polymerization operation troublesome because it requires the use of two types of 
organic silicon compounds as the electron donor. H 

Accordingly a need continues to exist for a polymerization process which produces polyolefins with a broad mo- 
lecular weight distribution at high levels of catalyst activity. TO 

SUMMARY OF THE INVENTION 

™JS P ™TlT^? aS ?'* >n made " Vi6W °' ,he fore90in9 "^advantages of the prior techniques while, as a 
S l° U L 8tUdy ^ t0 deve, °Pment of a process for preparing polyolefins with broad molecular-weight distri- 
bution which » capable of amplified operation while permitting the catalyst to exhibit a high activity and providing a 
polymer with high stereoregularity and crystallinity, taking advantage of the fact that use of a solid catalyst component 
W which is prepared according to a specified procedure during the polymerization effectively eliminates the above 
descnbed disadvantages of prior procedures. 

ss moleS^ ^ Pr6Sent jnVemfon t0 ^ 8 Pr0CeSS f ° r Prepa " n9 ^ otefins ^ * »™« 

It is a further object of the present Invention to provide a process for preparing polyolefins which is capable of 
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ensuring increased polymerization activity. 
u^tTc^^ 

tribulfanr^L*?," 19 Pre8Sm " Venti0a 8 PrOC98S ** Pfeparin9 polyolefin8 ^ 8 broad -"olecular-weight dis- 
tnbubon is prov.ded. The process comprises the steps of subjecting olefins to polymerization or copolymerization h 

TpZxiX" ir *"* compound; (B) " ° r9anic aiumhum ** < C > « «** *^ 

SifCgH^JjtORJg 

* S S' fe 3 ^ clo ^' 9roup and R is an aflcyl group having 1 to 5 carbon atoms; wherein said catalyst com- 
ponent (A) is prepared according to a procedure comprising the steps of: "wiuiiysicom 

©I preparing a suspension of dialkoxy magnesium and aromatic hydrocarbon which is liquid at a normal temper- 
(ii) contacting the suspension with titanium tetrachloride; 

(iv) increasing the temperature of the suspension in order to obtain a solid material' 

(v) washing said solid material with aromatic hydrocarbon and 

?i ™?, Said **? ma,8fial Wi,h tttaniUm ,e,rachloride in P^ence of aromatic hydrocarbon which is liquid 
at a normal temperature at a temperature of from 80 »C to 1 30 «C in order to obtain said catalyst component 

DETAILED DES CRIPTION OF THE INVENTION 

In the process for preparing pofyolefins with a broad molecular-weight distribution accord^g to the present inven- 
^finsarosubjecttopolyn^erizationorcopofymerizat^ 

component (A) mainly cons.sting of titanium hatidee, a magnesium compound and an electron dono?^pou^ B 
an orgamc aluminum compound; and (C) an organic silicon compound, having the formula: P W 

SitCeH^^fORJj 

U 8 c ^ ,ohe ^ 1 , 9 rou P ^ R is an alkyl group having 1 to 5 carbon atoms, wherein said catalyst com- 
ponent (A) is prepared according to a procedure comprising the steps of: "«aiy«com 

©preparing a suspension of dialkoxy magnesium and aromatic hydrocarbon which is liquid at a normal temper- 
(ii) contacting the suspension with titanium tetrachloride; 

(i j« a ^ in9 u P, ! ,haliC a^^'havingalkyl groups with4carbon atoms or less to the suspension at a temoerature 

(iv) increasing the temperature of the suspension in order to obtain a solid material' 

(v) washing said solid material wtth aromatic hydrocarbon and 

ataS^ 

at a normal temperature at a temperature of from 80 *C to 130 'C in orderto obtain said catalyst component 

The magnesium compound used in preparation of the solid catalyst component (A) is breferabh/ diaiknm, manno 
«. , including diethoxy magnesium, di-n-butoxy magnesium, diphenoxy ma^esLm SCStSSTI 

uJ 1 1 1 TT 9 SM (A) m ar0ma,ic "V**"*" liquid at a normal (room) temperature is 

ae id?« e ^T^ 0n0r ° 8ed '° Pr6Pare *• S0 ' id CatalySt COm P W19n, W is P re,e ^ an ester of aromatic carboxylic 
acid selected from a monoester of an aromatic carboxylic acid such as ethyl tolubte. ethyl anisate, ethyl beni 
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methyl benzoate or the like and a diester ol aromatic carboxylic acid hcluding dimethyl phthalate, diethyl phthalate 
^thalate^yl,^ phthalate, ethy^^ropyl phthalate. diisc^tyl phthalate, dBsodecyl phthalate, diisopentylphtha- 

phttalate dtoutyl phthalate, dpropyl phthalate and the like and diesters of phtnalic acid having alkyl groups wis 

?T J""* inClU<Jin9 diisO0Ctyl phthalate ' a" 0 ** phthate,te - dtoopentyl phthalate, dwi-octyl phthatote 

diisoheptyl phthalate and the like are particularly preferred. "««wyi pmnaate. 

As the solid catalyst component (A) may be used any suitable material so long as it contains a titanium halide 
magnesium compound and electron donor. The solkf catafyst concern (A) to p^fLrfy 
pens™ of d,altoxy magnesium and aromatic hydrocarbon liquid at normal temperature; contacting thTSIZi 

omuiw^rth^^^rill^l bslow; increasing temperature of the suspension; adding phthalic acid diester having alkyl 
g/oupsv^h 5 carbon atomsor more to the suspension at a temperature erf frorn90»C to 110-C;fun7.erirK^a8ing^ 

srt d ,he r tton 8y8,em to ° iny out reactton * the 8us P enston 81 a ,e w* * "om 

2fl r . Pre8enC9 01 ar ° mati ° h y dracarbon *•* * at a normal temperature to carry out reaction 
therebetween at a temperature of from 80'C to 130'C, leading to production ol the solid catalyst component (A) 

fl i„JJlT n nT i r Um ° 0mP ° Und (B) U88d h the pr88em hvention includes ,fialk y | aluminum such as tr ethyl 

sesquichlonde or the like; and any combination or mixture thereof. 

The organic silicon compound (C) used in the present invention is represented by the following general formula: 

2S Si(C 6 H„) 2 (OR) 2 

ll'SSSj iS a " c y clohex y , 9 rou P a ^R« an alkyl group having! to 5 carbon atoms. More specifically, it is any 
one selected from the group consisting of dicyclohexyldimethoxy silane, dicyclohexyldiethoxy silane, dicyclohexvld- 
ipropoxy silane, dicyclohexyldibutoxy silane, and the like. Dicyclohexyldimethoxy silane is preferably used for thto^iut- 
pose. 
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tetios among the components (A) to (C) used are not limited to any specific values so long as they do not deteriorate 

1 . ^ n^ Um f 5m COn,8nt °' ,h8 co ^nt(A)andtheorganbsilconcompound(C)isusedata 
molar ratio of 0.002 to 0.5 to the organic aluminum component (B) M " 

us JIlffS? B "7 b ! 001 in ,he preS8nce of or absence «* a " «B»*: solvent. The olefin monomer 
Z?Z^ ^r m ?^ 933 ° f ' iqUid - 7h8 ,emp8ra,Ure ,0r the PoVmerization is generally 200*C or below 
SUSS! W PreSSUre ^ ^ P ° lym8riZa,i0n is " n8ral * or be£w and preferably 

Olefins which are subject to homopofymerization or copolymerization according to the present invention are pref- 
erably alpha olefins including ethylene, propylene. 1-butene, 4-methyM-pantene L the like 

In accordance with the present invention, only any one of the above-specified malerials included in the organic 
silicon compound (C) .s selected, so that polyolefins which have a broad molecular weight distribution su?S to 

wrth polyolefins prepared according to the conventional process known in the art may be obtained with high yields 
Now, the present invention will be understood more readily with reference to the following examples and compar- 

XSZ "* irtended to il,U8,fate *" invention and are not 10 be con8,ruod 

so Example 1 

(Preparation of Solid Catalyst Component (A)) 

« « ^ r0Und ^ ha r ganWemalTOlUm8rt ^ m,andequip P ed ^ The 

8U8Pen8,0n ; ,emperatUre W8S m8n 9radua " y rai88d t0 60 * C Then ' 1 0ml °« Phthalate S 
^1°J?h TT* 1 * temp8ratUrews,h8n 9 r ^ 

late was added to the suspense, which was further heated to a temperature of 112'C. A period of time as long as 
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was kept at 112 C, during which the suspension was reacted with the diethyl phthalate and diisooctyl phthalate for 1 5 

^X^fT"* f reaC,i0 " P"^^ M *< ™«™ "** completed the reaction product was washed 
twee with 100ml ot toluene (per wash) at 90°C and 20ml of TiCI 4 and 80ml of toluene were added to the reaction 
5 Product wn.cf , was then heated to 100X. to thereby car^^ 

the reaction .the resultant product was washed with 100ml of n-heptane at40'C 10times. resuftinginaSSStaS 
component be,ng obtained. Solid and liquid materials in the solid catalyst component were separated from each other 
and then the solid material was subject to Ti analysis. The solid catalyst component contained^!. 05% tyweight of Ti 

io (Preparation of Polymerization Catalyst and Polymerization) 

An autoclave having an internal volume of 2.0 liters and equipped with a stirrer was flushed with nitrogen gas The 
a^oclavewas^^ 

Zfl ™ hyd ^ 9n 938 and 14 IHers °* ,k,ui,ied pro Py ,9ne ^ ,he PoVmerization reaction per- 

to exaction for 6 hours using boding n-heptane to obtain a polymer ot a weight (B) insoluble in n-heptane 

The polymenzation activity (C) per gram of the solid catalyst component used is represented by the following 

6Xpf6SSIOn. s 



20 



25 



30 



35 



40 



( c ) = (A)(g)/amount of solid catalyst component (g) 
A yield (D) of a total crystalline polymer is represented by the following expression: 

(D) = (By(A)x100(%) 

^^s^r are iis,ed on ™ b 1 ,o9e,her * an mi (E) ° f - «* 

^Tll 6 *™ ,r0m !!!?. ,0re f in9 ' polyola,ins pre P ared accordin 9 t0 the P rese «« Mention have a molecular- 
weight distr buton increased ,n value obtained by dividing a weight average molecular weight (Riw) by a number- 
average molecular weight (K/Tn)by at least2or more, as compared wtth polyo.efins prepared J the prior art ^ 
in being effectively directed to a wide variety of applications. 9 
Also, polyolefins prepared by the present invention exhibit an increased polymerization activity based on a catalyst 
hZbUmn? 18 lnCreaSed " Wh " 6 bei " 9 Si9nifican,lv ™ proved in stereoregularlty, to thereby exhibit much 

olefins n the presence of a catalyst of a high actrvity which does not employ multi-stage polymerization method or the 
method usmg two types of organic silicon compounds as described above in connection i the prior aTbTueesa 
solidcata^.^ 

wfh 5 tSXSL"* 9,OUP8 "* 4 "* CB at0mS " 1958 3nd 3 ^ aCW diGS,er "** *" «W» 

*v ous rnolif.catons and vanations are possible m light of the above teachings. It is therefore to be understood thai 
wrthm the scope of the appended claims, the invention may be practiced otherwise than as specifically described 
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Claim* 



l^r^^T 9 P ° ly0,8fi L n8 "* 8 bf0ad molecu,ar ^9ht distribution comprising the steps ot subjecting 
SSaJLSSZftS 

an organic aluminum compound (B); and an organic silicon compound (c) having the formula. 

wherein CgH,, is a cydohexyl group and R is an alkyl group having 1 to 5 carbon atoms, characterized in that said 
catalyst component (A) » prepared according to a procedure comprising the steps of: 

SEtS?* 3 SUSpenSi0n °' dia,k0Xy ma 9 nesium aromatic hydrocarbon which is liquid at a normal tern- 
(ii) contacting the suspension with titanium tetrachloride 

m adding phlhafc acid diester having alkyl groups with 4 carbon atoms or less to the suspension at a tern- 

to TZ ° °: b6toW " d ■**• pWha ' iC ■*• ^^ngaMgn^wfthScart^^orn^ 
to the suspension at a temperature of from 90»C to 110"C; ^ 

(fc) increasing the temperature of the suspension to up to 13CC in order to obtain a solid material- 

(v) washing said solid material with aromatic hydrocarbon; and ' 

(v.) reacting said solid material with titanium tetrachloride'in the presence of aromatic hydrocarbon which is 

^atanormaltemperatureatatemperatureoffrcrneo 

Z The process of claim 1 , wherein the phthalic acid diester having alkyl groups with 4 carbon atoms or less is added 
aSn r 8 "" at 8 ,emperatUre * 90 ° C w b6toW " d *• P h,halic a ° W *•* having^? grou j Shi 

m?d^ft? B ^ 8USPen8i ° n ^ 8 hi9hW ternpera,Ure ,han ,he - aSdintme 

phthalc acid diester having alkyl groups with 4 carbon atoms or less to the suspension. 

3. The Process of claim 1 , wherein the phthalic acid diester having alkyl groups with 4 carbon atoms or less is added 

^irZ nS,0n 81 a,empe,atUra * 90 ° C w «*■»«» *• f*thalic acb diester having i 2f! 
carbon atoms or more is added to the suspension at a temperature of 90 »C to 110 »C. 

4. The process of claim 1, wherein said organic silicon compound (c) is dicyclohexyldimethoxy silane. 

6 ' i^rrr! Z** 1 Kw^ me m0l0CUlar WSi9M di8,ribu,ion °' fx* 0 ™™ obtained by dividing a weight- 
average molecular weight (fflw) by a number-average molecular weight (iwi) is 6 or more. 
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PatentansprOehe 



Verfahren zur Herstellung von Polyolefinen mil einer breiten Molekulargewichtsverteilung, das die Sehritte das 
Unterwerfens von Olefinen der Polymerisation Oder Kopolymerisation kn Beisern ernes Katalyeators umfaflt der 
im wesentlichen aus einem festen Katolysatorbestandteil (A), das vorrangig aus Titanhalogenid, einer Magnesi- 
umverbindung und einer Elektronenspenderverbindung besteht; einer organischen Aluminiumverbindung (BV und 
einer organischen Siliziumverbindung (C) besteht, welche die Fotmel haf 



worin C 6 H„ eine Zyebhexylgruppe ist und R eine Alkylgruppe, die 1 bis 5 Kohlenstoffatome hat, tot, gekenn- 

f „ « J? ~ ' daB ** Kata| y 8atorbB 8«a"dteil (A) entspreohend einem Verfahren hergestellt ist. das die 
scnrrtte umfaSt: 



(i) Herstellen einer Suspension aus Dialkoxy-Magnesium undaromatischem Kohlenwasserstoff, welcher bei 
einer Normaltemperatur flussig fet; 

(ii) Die Suspension mit Titantetraclorid in Verbindung bringen; 

(iii) HinzufOgen von Phthalsaurediester, der Alkylgruppen mit 4 Kohlenstoffatomen oder weniger hat zu der 
Suspension bei einer Temperatur von 90 >C oder weniger und HinzufOgen von Phthalsaurediester, der Alkyl- 
gruppen mit 5 Kohlenstoffatomen oder mehr hat, zu der Suspension bei einer Temperatur von 90»C bis 11 0 "C- 

(iv) Erhohen der Temperatur der Suspension bis auf 1 30 «C, urn ein testes Material zu erhalten- 

(v) Waschen des festen Materiales mit aromatischem Kohlenwasseretoff; und 

(vi) Reagieren des festen Materiales mit Titantetrachlorid im Beisein von aromatischem Kohlenwasserstoff 
welcher bei emer Normaltemperatur flOssig ist, bei einer Temperatur von 80 'C bis 1 30 'C urn das Katalvsa- 
torbestandteilzuemalten. " 

2. Ve^nachArispruch^^ 

hat,zuderSuspens,on bei einer Temperaturvon 90 'Coder weniger und der Phthalsaurediester, der Alkylgruppen 
von 5 Kohlenstoffatomen oder mehr hat, zu der Suspension bei einer hoheren Temperatur als der Temperatur 
beim HmzufOgen des Phthalsaurediesters, der Alkylgruppen mit 4 Kohlenstoffatomen oder weniger hat. zu der 
Suspension hinzugefugt wird. a ' 

3. V^ahrwna^Anspm^l.worinderPhthalsauredies^^^ 

ha.zuder Suspension bei einer Temperaturvon 90 'Coder weniger hinzugetOgt wird, und der Phthalsaurediester 
der Alkylgruppen von 5 Kohlenstoffatomen oder mehr hat, zu der Suspension bei einer Temperaturvon 90 'C bis 
11 0 °C hmzugefOgt wird. 

4. Verfahren nach Anspruch 1 , worin die organische Siliciumverbindung (C) Dizyklohexyldimethoxysilan ist. 

6. Vejf^rennachAnspruchl.worindie^ 

auf das GewKht gemittetten Molekulargewichts (Mw) durch ein in Bezug auf die Anzahl gemittelten Molekularge- 
wichtes (Mn) erhalten wird; 6 oder mehr tot. 

Revendleatione 

1. Un Precede de preparation de pofyolefines a large distribution de poids moleculaire, comprenant les etapes d'ex- 
posrtion cfolefines a une polymerisation ou une copofymerisation en presence rfun catalyseur consistant essen- 
tiellementenuncomposantcatalyseur(A)8oiae.(^renantprind^ 

de magnesium et un compose donneur electrons; un compose rfaluminium organique (B); et un compose de 
sitaiumorganique(C)ayant la formula: 

SifCeH^^tORJj 

dans laquelle C 6 H„ est un groups cyclohexyle et R est un groupe alkyle ayant 1 a 5 atomes de carbone, caracteriee 
en ce que ledrt composant catalyseur (A) est prepare selon une procedure comprenant les etapes de: 
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(0 preparation d'une suspension de magnesium de dialkoxy et d'hydrocarbone aromatique qui est liquide a 
une temperature normals; 

(ii) mise en contact de la suspension avec tetrachbrure de tttane; 

(iii) addition (fun diester d-acbe phthalique ayant des groupes alkyles presentant 4 atomes de carbone ou 
moms, a la suspension a une temperature de SCTC ou moins. et addition tfun diester tfacbe phthalique ayant 
des groupes alkyles presentant 5 atomes de carbone ou plus, a la suspension, a une temperature comDrise 
danslaplageallantde90 <, CallO»C; p 

(iv) augmentation de la temperature de la suspension allant a 130*0, en vue tfobtenir un materiau solide; 

(v) rincage dudlt materiau solide avec un hydrocarbure aromatique; et 

(vi) mise en reaction dudit materiau solide avec tetrachbrure de titane en presence d'un hydrocarbure aro- 
matique qui est liquide a une temperature normale, k une temperature comprise dans la plage allant de 80»C 
a 1 30*0, en vue tfobtenir ledit composant catalyseur. 

2. Le procWe selon la revendicatbn 1 , dans lequel le diester tfacide phtalique ayant des groupes alkyles presentant 
4 atomes de carbone ou moins est ajoute a la suspension a une temperature de 90° C ou moins et le diester tfacide 
phtahqus ayant des groupes alkyles presentant 5 atomes de caroone ou plus est ajoute a la suspension a une 
temperature superieure a la temperature tfaddittan du diester tfacide phtalique ayant des groupes alkyles pre- 
sentant 4 atomes ou moins. 

3. Le precede selon la revendicatbn 1 , dans lequel le diester tfacide phtalique ayant des groupes alkyles presentant 
4 atomes de carbone ou moins est ajoute a la suspension a une temperature de 90°C ou moins. et le diester 
tfacbe phtalique ayant des groupes alkyles presentant 5 atomes de carbone ou plus est ajoute a la suspension 
a une temperature comprise dans la plage allant de90"C k 11 0*C. 

4. Le precede selon la revendicatbn 1 , dans lequel ledit compose de silicium organise (C) est un silane de dfcy- 
cionexyometnoxy. ' 

5. Le precede selon la revendicatbn 1. dans lequel la distributtan de poids moieculaire des polyenes obtenue par 
de 6 oupS *** m °' 6CUlaire m ° y9n P 0 '* m) par un P 0 " 8 ^16culaire moyenan nombre (Rn) est 
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